While most laboratory rodents are active at night, many other species exhibit higher levels of activity during the daytime. The circadian system of diurnal species is not simply inverted relative to that of nocturnal species (Smale et al., 2003) . While most rhythms peak at opposite phases in diurnal and nocturnal species, rhythmic melatonin production peaks at night in all species. Furthermore, studies comparing rhythmicity in the brains of diurnal and nocturnal species reveal that the phase of Per and prokineticin 2 gene expression rhythms in the suprachiasmatic nucleus (SCN) are similar among nocturnal and diurnal species (Mrosovsky et al., 2001; Caldelas et al., 2003; Lambert et al., 2005) . Several differences in Fos expression downstream of the SCN have been identified, however (for review, see Smale et al., 2003) . Collectively, these studies suggest that multiple switches exist downstream of the SCN along output pathways controlling specific behavioral and physiological rhythms (see Mrosovsky, 2003; Smale et al., 2003) .
SCN-driven rhythms in locomotor behavior, ingestive behavior, body temperature, corticosteroid, and melatonin secretion participate in entrainment of peripheral oscillators (Schibler et al., 2003; von Gall et al., 2002) . As the phase of most of these rhythms differs between nocturnal and diurnal species, one would expect diurnal species to have altered phase of peripheral rhythmicity, relative to nocturnal species. We examined Per1 and Per2 RNA levels in the liver (Fig. 1) and testes (Fig. 2) in a diurnal rodent, the unstriped Nile grass rat (Arvicanthis niloticus), to test this prediction.
Per1 and Per2 mRNAs were rhythmically expressed in grass rat liver, with peak levels occurring early in the subjective day, at circadian time (CT) 2, and trough values occurring 12 h later at CT 14 (Fig. 1 ). This phase is opposite to the phase previously reported for Per gene expression rhythms in mouse and hamster liver (Zylka et al., 1998; Tong et al., 2004) (Fig. 3B) . In grass rats, Per gene expression reaches peak levels approximately 4 h earlier in the liver than in the SCN, while in mice, Per gene expression in the liver reaches peak levels 3 to 9 h after peak levels are reached in the SCN (Fig. 3) .
Testicular Per gene expression is of interest because there appears to be a species difference in the regulation of Per1 in this tissue. In murine testes, Per1 levels are elevated and not rhythmic in most studies (Alvarez et al., 2003; Bittman et al., 2003; Morse et al., 2003 ; but see Zylka et al., 1998) , while in hamsters, testicular Per1 expression has a low-amplitude rhythm (Tong et al., 2004) . In grass rat testes, we found that Per1 RNA was expressed at high levels and was not rhythmic, while Per2 was undetectable ( Fig. 2 and data not shown). Note that the same blots that gave strong Per1 and actin hybridization signals were used with the Per2 probe, and the same Per2 probe gave a good signal on liver blots processed in parallel, making it unlikely that failure to detect Per2 in testes is due to a technical problem with the probes or blots.
Peripheral oscillators are synchronized by the SCN through a variety of mechanisms. Most non-SCN oscillators likely are reversed in their phase of oscillation between nocturnal and diurnal species, as demonstrated here for the liver. Within the brain, however, areas that are directly along outflow pathways from the SCN may have a phase of Per oscillation that is similar between nocturnal and diurnal species. Thus, examination of species differences in Per mRNA and PER protein rhythms may help to identify brain sites important for diurnality. Indeed, Smale, Nunez, and colleagues have used FOS immunoreactivity in a similar manner (for review, see Smale et al., 2003) . The high amplitude of Per rhythmicity and its widespread expression may allow Per mapping to serve as a useful complement to work using FOS and other markers. Mrosovsky et al. (2001) reported that Per1 gene expression in the motor cortex of diurnal ground squirrels peaks early in subjective day, preceding the SCN peak. Interpretation of this finding is complicated because gene expression in the motor cortex could be directly related to the locomotor activity of the animal rather than representing the oscillator phase. When considered along with our results, however, these data suggest that extra-SCN oscillators in general may have a reversed phase in diurnal rodents, relative to the phase of rhythms in nocturnal species. The exceptions to this general rule will be the sites of greatest interest in assessing tissue-specific mechanisms of oscillator entrainment and mechanisms of diurnality in rodents. The ability to reversibly induce a nocturnal pattern of activity in a subset of grass rats by exposure to a running wheel (Blanchong et al., 1999) , combined with Per gene expression mapping, may provide a unique, within-species model for identifying sites involved in diurnality.
APPENDIX MATERIALS AND METHODS
Tissues were collected from male Nile grass rats (A. niloticus) maintained at Michigan State University. Animals were housed in a 12-h light:12-h darkness lighting cycle and then were exposed to dim red light for 3 days before tissue collection. At 4-h intervals, animals were anesthetized with pentobarbital (250 mg/kg, intraperitoneally) and decapitated. Tissues were frozen in cooled 2-methylbutane and stored at -80 ο C. Northern blotting was performed using standard procedures, with 2 µg of poly-A + RNA loaded per lane. RNA samples were isolated from 3 animals at each of the 6 circadian times. Three blots were prepared from 18 independent tissue samples for each tissue (liver and testis), with each blot having 1 RNA sample from each of the 6 circadian times. Blots were sequentially hybridized with probe to Per2, then Per1, and finally actin, in Expresshyb solution (BD Biosciences, Palo Alto, CA). Templates for generating random primed [ 32 P]dCTP-labeled probes were nucleotides 1-440 GenBank AY817662 (Per1), nucleotides 1-449 of GenBank AY817663 (Per2), and human β-actin (BD Biosciences). All 6 blots were hybridized and washed in parallel with each probe and were stripped with 0.5% SDS between probes. Blots were exposed to Biomax MS film (Kodak, Rochester, NY) at −80 o C with 2 intensifying screens. Analysis of hybridization signal intensity on autoradiograms was performed using National Institutes of Health (NIH) Image software. For each lane, absolute optical density (OD) determinations were made in duplicate and averaged, and the OD of film background was subtracted to give a single net OD value for each sample. Data are expressed as the ratio of Per net OD to actin net OD values for each sample. Values reported represent the mean ± SEM of 3 ratio values, one from each blot. A Polaroid DMC digital camera was used to capture images derived from the successive probings of a single blot. 
